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Description

Fleld of Application

(0001] This Invention relates to a nolse fiiter, and, more particularly to a nolse fiter for Bayer pattern Image data.
{0002] The invention algo relates to a method of filtering noise In a Bayem patiem image data.

Pror Ant

{0003] Digltal cameras generate a dataflle that represants an Image acquired by the camera. Generally, the camera
acquires the Information from the light/color sensors In the camera In a CFA (camera fiiter array) format. A popular
tormat for the CFA s a Bayer mosalc pattem layout, shown In Figure 1. In a Bayer pattem, each pixel contains Infor-
mation that are relative to only one color compenent, for instance, Red, Green or Blue. Typically. the Bayer pattern
Includes a green informatlon in every other space, and, in each row, either a blue or a red pixel occuples the remaining
space. For instance, as seen in Figure 1, row one alternates beiween green and rad pixels, and row two alternates
betwaan green and blue. The end result Is a mosalc made of red, green and blue points, where there are twice as
many green poinis as red or blue. This can accurately represent an image because the human eye Is more sensitive ’
to the green data than either the red or blue.

{0004] A typical camera inciudes a charge coupled device (CCDs) or CMOS image sensor that is sensitive to light.
These image sensors are sensitive only to the intensity of light falling on it and not to the light's frequency. Thus, an
Image sensor of this Kind has no capabliity to differentlate the color of light falling on. it.

{0005] To obtain a color image from a typical camera sensor, a color filter is placed over the sensitive elements of
the sensor. The filter can bs patterned to be like the Bayer pattemn discussed above. Then, the individual sensors are
only receptive to a particular color of light, red, blue or green. The final color picture is obtained by using a color
interpolation algorithm that joins together the infarmation provided by the differertly colored adjacent pixels.

[0606] The Images produced by digital still cameras, especlally ones produced by CMOS technology, sufier from
nolse that Is Inherantly present In the sensor when the image Is captured. Thus, some modification of the datafile
produced by the Image sensor Is needed. Oftentimes this modification comes as a filter or algorithm run on the Image
sangor data (the Bayer Pattem) to craate a more reallstic image. Processes ara performad on It in an Imaging process
chain, e.g. white balance, gamma correction, etc, as shown In Figure 2. Finally, the corrected image ls compressed
and stored in memory as a color image.

[0007} One problem with current image processing in current digital camera systems is that noise artifacts are difficult
to differentiate from detail In the image Itself. If noise artifacts are thought to be detail and left unfiltered, or details are
thought to be artifacts and are filtered, Image degradation occurs.

[0008] Another problsm exists in that current filtering methods operate on the image data as a whole and do not
differentiate between the individual color channels making up the image.

[0008] The technical problem sclved by this invention is one of how to bast filter a complex image file for noise, while
at the same time preserving detall in the Image.

Summary of the Invention

[0010] The solution to the above-stated problem ls that of using an adaptive filtering system In a Bayer pattern Image
indepandently for each of the colorchannels. Tha adaptive filtar allows for a differing amount of filtering action performed
based on the particular area of image and coler of the current pixel. For example, the filtering action could be milder
in textured areas of a color channae!, where the inconsistencles in data could be related to detall in the scene, but
stronger In uniform areas of the color channel where the aberration |s more likely to be nolse.

{0011] Based on this principie, the tachnical problem is solved by an image fllter as defined in Claim 1, and further
by & methad of filtering nolee as deflned In Ciaim 8.

{0012] The features and advantages of the method and device according to the invention will be apparent from the
following description of an embadiment thereof, given by way of non-limitative example with reference to the accom-
panying drawings.

Brief description of the drawings

[0013]

Figure 1 Is a diagram of a Bayer pattern mosalc layout used in digital cameras of the prior ant.
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Figure 2 is an example functional block dlagram of image processes of a prior art digital camera.

Figures 3A, 3B and 3C are dlagrams of fliter masks for various colors In the Bayer pattern data, according to an
embodiment of the invention.

Figure 4 Is a flow diagram lllustrating example processes that are present in embodiments of the inventive adaptive
nolse fitter.

Figure 5 Is an exarhple block dlagram showing Interrelationships of processes In the adaptive noise filter according
to an embodiment of the Invention.

Figure 6A shows an example working window of a set of green pixeis currently being filtered.
Figure 6B shows an example working window of a set of non-green pixels currently being filtered.

Figure 7 Is a chart of a human vislon threshold factor for nearby pixels as It refates to the brightness of the desired
pixel.

Figure BA is a graph of the K,, parameter as a function of the maximum distance value Dmax when the current
pixel is green.

Figure 8B is a graph of the K,, parameter as a function of the maximum distance value Dmax when the current
pixel Is not green. :

Figure 9 Is a graph showing a different way to generate the K, parameter using a galn varlable.

Figure 10 Is an example dlagram of a fuzzy function able to fuzzify retatlons of pixels according to an embodiment
of the Invention.

Flgure 11 Is a dlagram showing an edge of a Bayer pattem dataset.
Figure 12 is a diagram of an image formed by pixels, highlighting the border made of two pixels.
Figure 13A is an original control image.

Figure 13B is the image of Figure 13A after it has been modified by an adaptive noise filter according to an em-
bodiment of the invention. :

Figure 14 Is a dlagram shawling the strength levels of filtering as used In the converslon of Figure 13A to Figure 13B.
Figure 15 Is an example test Image having an Increasing amount of nolse from top to bottomn.
Figure 16 is a graph of noise power computad for differant noise levels with referance to Figure 15.

Detalled Description

[0014] Embodiments of the invention operate directly on a nclsy Bayer pattern data set to adaptively remove noise
while simultaneously preserving picture detall. Once filtered, the Bayer pattem data ls sent to the other standard iImage
processing chain processes 1o produce the image stored on a memory medium.

[0015] Some of the calculation steps are similar to those found in US patent 6,108,455, which is assigned to the
applicant, and Incorporated hereln In its entirety by reference.

[0016] In one process, an algerithm filters the image acquired by the sensor of a digital still camera. Thus, the input
Image Is In the Bayer pattem format. This nolse fliter computes a replacement valus for the pixel under processing In
the processing window based on a weighted average of the absolute values of degraes of similarity between the target
pixel and the plurality of neighboring pixels. The noise fitter recursively processes tha noisa levals to adapt its strength
depending on the local features of the acquired image, as well as to adapt to changing noise levels of neighboringpixels.
[0017] Twodifferent filler masks are used to filter the three color channels of Bayer pattern data, red, green and blue.
One mask operates on the green channel exclusively. The other mask operates on both the red and blue channels,
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but not simultaneousty.

[06018] Three different nolse level estimations are computed; one for each color channel of the image, red, green
and blus. The filter can be Instructed to change its strength separately for each of the red, green and blue channels.
Generally, the red and blue pixels making up the red and biue channels can be filtered at a higher strength than the
green pixels, due to the way the human eye percelves color, but the process Is capable ot adjusting to any strength In
any color channel. .

{0019] As stated above, two filter masks are usad, depending if the green channel, or elther the red or blue channels
are being fitered. The different fliter masks are llustrated in Figures 3A, 3B and 3C. Figure 3A shows a filter mask for
the green pixels In the Bayer pattem, according 10 an embodimant of the Inventlon. Generally, for a particular green
pixel being fitered, the signal levels of tha pixsl being filtered and its nelghboring pixels are examined. For Instance,
with refarence to Figure 3A, a green pixel GO Is the target pixel; a working window Including a portion of the pixels
neighboring the target pixel GO Is established, for Instance by including the nelghboring pixels G1, G2, G3, G4, G5,
GB, G7, and G8. Similarly, with reference to Figure 3B, a working window is established with a fitter mask for the Red
channel. This filter mask differs from the fliter mask shown In Figure 3A because, as discussed with reference to Figure
1, the pixel arrangement in the Bayer pattern is different for the grean channel than elther the red or blue channels. In
the red fiiter mask, shown in Figure 38, a target pixel RO Is surrounded by Its nelghboring pixels R1, R2, R3, R4, R5,
RSB, R7, and R8. Similarly, the blue filter mask, shown in Figura 3C, has atarget pixel BO surrounded by its neighboring
pixels B1, B2, B3, B4, B5, B6, B7, and BB. In each of the cases for red, green and blue, there Is one target pixel and
eight neighboring pixels, which will be referred to generically as T0 and T1-T8, respectively.

[0020] The input image in the Bayer pattem format Is scanned sequentially row by row, beginning on the top row,
from leftto right. In embodiments of the Invention, the processing windows for the red and bilue channels are Identical,
while the processing window for the green channel e different. When the picture is proceased, only one of the two
types of processing windows |s selected, and thus, the selection Is based dependent on whether the current pixel color
is green.

(0021) Figure 4 is a flow diagram lllustrating example processas that are prasent in embodiments of the Inventive
adaptive nolsa fitter. The adaptive nolse fiiter 10 begins with a step of copying Image borders 12, which wlill be discussed
below. As described above, a datarminer 16 then examines the current pixel TOto see If It Is gresn or not. It TO s a
green pixel, & grean working window 18, such as seen In Figure 3A Is produced. lnstead, It TO Is not green, a red/blue
working window 20 Is produced such as seen In Figures 3B or 3C.

{0022] Once the mask and fliter window Is selected, a distance calculation ls made In a difference calculator 22. In
the difference calculator 22, an absoluts value difference Di is determined between the target pixel TG and its neigh-
boring pixels. Each difference Di represents the difference in between the value of the target pixel TO and the values
of its neighbaring pixels. The difference calculator 22 computes the absolute values of the differences Oi between the
target pixel TO value of the current working window and the values of its neighboring pixels T1-T8 to produce the
difference values D1, D2, D3, D4, DS, D6, D7, and D8.

[0023] Once the differences in pixel values are calculated, the results are sent to a maximum and minimum block
24. In that block, the maximum and minimum distance values are computed from the list of diffarence values D1-D8.
The output of the max/min block 24 Is the maximum difference Dmax and the minimum difference Dmin between the
target pixel TO and Its neighboring pixels T1-T8 of the current working window 18 or 20.

[0024] These minimum and maximum differences are passed to a noise level computation block 26, which, without
using autoexposured data, makes an estimation of a nolse level NL assoclated with the processing window 18 or 20.
Depending on whether the processing window 18 (green) or processing window 20 (red or blue) is the current window,
differant NL calculations are made and stored simultaneously, one for each coler channel. Depending on the color of
the current pixel TO, the nolse level block 26 updates the relative noise level estimation for that particular color. Thus
the noise level block 26 estimates the nolsa level according to the following calculations:

NLg (t-1) = K (t-1) * Dy (t-1) + [1 - K,y (141)]* NLg (t-2) M
NLg (t-1) = K, (t-1) * Dppay(t-1) + [1 - K,y (1)) * NLg (1-2) 2
NLg (t-1) = Ky (1-1) * D pgye(t-1) + {1 K, (-1)] * NLg (1-2) 3

[0025] where NL, Is the noise lavel of the particular nolse channel, x; K,, Is a parameter that determines the strength
of fiitering to be performed by the adaptive nolse filter 10, as dlscussed In the above-refarenced US patent and as
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further discussed below, and whereln D4, Is the maximum distance value computed for the particular color channel
in max/min block 24.

[0026]) Examples of the Interrelationship of different processes can be seen In the example block diagram of the
inventive adaptive nolse filter 10 in Figure 5. In that figure the difference calculator 22 takes ite input from the cument
processing window 18 or 20. The output from the difference calculator 22 is passed to the maxymin block 24, which
pasges Dmax and Dmin values for each color to the nolse level block 26. The K;, parameter |s also an input to the
noise level block 26.

[0027] Generally, these procassas used In the adaptive nolse filter 10 can be Implemaented In software or hardware,
although hardware Is generally preferred for performance reasons. It Is fundamental to process the Input nolsy Image
as quickly as posalble using a minimum amount of resources to perform all of the computations. In order to achieve
these goals, the nolse level computation block 26, according to an embodiment of the Invention, uses a recursive
Iimplementation. Typically, two Image bulfers can be used to execute the entire fitering process. One butfer (an Input
buffer) contains the image to be filtered; the other buffer (the output buffer) contains the filtered image.

{0028] !n order to make best use of the resources required by the processes, the filtered value of the current target
pixel TO Is computed using the pixel values that have already been filtered. For example, if TO Is the target pixel, and
T1, T2, T3 and T4 have already been processed, then T5, T6, T7 and T8 have yet to be processed. Keeping track of
already filtered pixels Is a good practice to reduce the computational requirements of the varloue processes. Ae the
Bayer pattern Image is scanned row by row, the already filtered values are avallable In memory and they can be used
to filter the next pixel without having to reload into the memory the oid unfiltered values of T1, T2, T3 and T4. This
process can be used for both the Green working window 18, and the Red/Blue working window 20.

[0029] Figure 6A shows an example working window 18 of a set of Green pixels, GO (the target pixel), G1, G2, G3
and G4, which have already been fitered, and G5, G6, G? and G8 which have yet to be filtered.

Figure 6B shows an example working window 20, which In this case happens 1o be blue, aithough It would be identical
for the red color channel. In Figure 6B, BO is the target pixel being filtered, B1, B2, B3 and B4 have already been
filtered, and BS, B6, B7, and B8 have not been filtered yet. )

[0030] Returning back to Figurs 5, an human visual system (HVS) evaluator 30 Is shown, which recelvas Its Input
from the working windows 18 and 20. The HVS evaluator 30 factors the human eye's response to a brightness change
according to the functlion shown In Figure 7. n that figure, the X-axis measures posgible brightnese vaiues on a scale
between 0 and 1023, while tha Y axis charts the threshold level whara the human eye can determine a difference In
grey level values between a current pixel and Its neighboring pixels. As ahown In Flgure 7, when a pixel Is In the middie
(x=512) of the dark (x=0) and the brightest value (x=1023), the HVS threshold of the human eye is the lowest. Therefore,
the HV'S threshold of the human eyae is the highest when the pixels are very bright or very dark, as shown in Figure 7.
[0031] The factor from the HVS evaluator 30 is summed with the output of the nolse leve! block 26 and provide to a
local feature inspectar block 32 (Figure 5). That block 32 computes the K, parameter that is used to modulate the
strength of the filtering process to be executed on the current pixe! TO in the nolse level block 26. Depending on the
colorof the current pixel TO, either green or red/blue, two different local feature inspector functions are used. Specifically,
if the current pixel being filtered s green, then the standard local feature inspector block is used. This is iflustrated in
Flgure 8A, which is a graph of the K,, parameter as a function of the maximum distance value Dmax when the current
pixel Is green. Shown In Figure A Is a value Thy, which Is the noise value plus the HVS value for the current pixel TO,
(Thy = NL + HVS). In Figure 8A, the K, parameter Is a straight line starting at 1 (when Dmax Is at lts minlmum), and
extending down to Th,. Figure 8B, conversely, is a graph of the K, parameter as a function of the maximum distance
value Dmax when the current pixel Is not green. Figure 8B Introduces another value to the calculation of the K, pa-
rameter, which is the noise lavel NL. Thus, when Dmax has a value that is less than or equal to the NL, then the K,
parameter will be 1, otherwise the K, parameter has a vaiue found along the line between 1 and Thy. This augments
the fiiter strength on the red and blue channels compared to the green channel, because the K, parameter for the
green channel can only be 1 when Dmax is at 0, while the K, parameter tfor the red and blue channals Is always 1
when Dmax Is less than or equal to the NL.

[0032] An additlonal way to control the degree of filtering the Bayer pattem data le to Include a gain factor used by
the autcexposure control {(AEC). Such block including AEC is illustrated as 34 in Figure 5. The degree of filtering can
be modulated depending on the current gain factor used by the AEC block 34. The autcexposure process in a digital
camera generates an appropriate set of exposure settings and galn settings In order to obtaln & correctly exposed
scone. If the image scene Is correctly exposed, then no gain factor needs 1o be applled to the image. If, on the other
hand, the Image cannot be correctly exposed, then the autoexeposure process of the camera computes & galn factor,
which is a sort of coefficient that is applied to the image. The higher the gain, the brighter the image. There are some
drawbacks to this univarsal system, however. If the gain is set to a too high value, noise is also enhanced in tha imags.
Therefore, when the gain is high, the noise filter must act with a higher strength, and when the gain is low, or at zero,
then the nolse filter should act with a lower strength.

(0033] The adaptive nolse filter 10 can include a process that uses the following approach, as lilustrated with reter-
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ence to Figure 9. That figure shows how an extra tactor (the AEC gain factor) can ba used to create the K,, paramater.
If G Is the current AEC galn factor computed by the AEC block 34 of Figure 5, and Gmax Is the Maximum value of the
galn factor, which wiil depend from the Image sensor), then a ratio of G/Gmax can be calculated. This ratlo, as shown
In Figure 9, is multiplied by the noise level factor NL to determine the highest Dmax value that wlll have the K, parameter
equal to 1. This differs to the graph shown In Figure 8B, which did not Include the galn G/Gmax ratlo factor. Thus, If to
obtaln the best exposed Image G Is get to Gmax, then this means that the G/Gmax ratio Is 1, 8o the threshold that
separates the maximum degres of filtering (K, = 1) fromthe other degrees of filtering s the noise level NL. Conversely,
if the correctly exopsed picture Is reached with a galn G such that 0<= G <= Gmax, then NL"G/Gmax <= NL, because
G/Gmax <=1, So, the treshold that Is used 1o discriminate betwasen the higher degree of filtering from the other degrees
I8 lower, hence the fiiter strength is lowared. This technique can be applled to all of the three color channals, or It may
be used on only the red/blue channels, while the green channel may be fittered in the standard mode shown In Figure 8A.
{0034] With reference to Figure 6, t may be necessary for the AEC block 34 to provide fts output prior to the time
the noise levels are calculated by the noise lavel computation block 26. This is not problematic because the noise level
computation block 28 and other portions of the adaptive nolse fliter 10 are not restricted to be the first element of an
image processing chaln. The adaptive noise filter 10 can actually be posltioned much later in the image manipulation
process (Flgure 2), such as within the defect corraction bleck, if necessary. When the adaptive nolse fliter 10 Is pos!-
tioned in the dafect correction block of the Image processing chain, it accepts as an input the noisy pixel. Then, the
de-nolsed value Is passed as output from the adaptive noise filter to the defect correction algorithms In order to generate
the final denoised and defect corrected pixel of the Bayer pattern to be passed to the rest of the image processing chain.
[0035] The final process to be performed on the plxel value Is based on fuzzy logic. The membership computation
block Is assoclated to a fuzzy function bounded by two threshold values Th1 and Th2. The fuzzy function fuzzifies the
relation “the target pixe! TO and fts neighbor pixel T1 are similar®, where Ti is any of the neighboring pixsls T1 - T8. For
each nelghboring pixe! Tl of TO, a coefficlent Ki Is computed, which welghts the similarity between T and TI. These
welight coefficients Ki are later used In the final detemination of the filtered value. Thus, for every pixel TO, there will
be elght cosfficient values, K1-K8, where K1 waighs the similarity between T0 and T1, K2 welghs the similarity between
T0 and T2, stc., up to K8.

[0036] An example dlagram of a fuzzy function able to fuzzily tha above relation Is shown In Figure 10. The twe
threshold values Th1 and Th2 can be factored according to the following equations:

Thy = K {1) * Dy {0+ [1- K, (0] * Dy (D) 4)

Th2 = Kn(t) * Dmnx (t) + [1' Kn “)] * Dmln(‘) v ([Dmax(t) + Dmin (t)] I2) (5)

[0037] The value of Ki can be expressed through the following relations:

Ki = 1, when Di <= Th1 {6)
Ki= (Th2 - DI) / (Th2 - Th1), when Th1 < Dl < Th2 N
Ki = 0, when Th2 <= Di (8)

[0038] These values are calculated in a threshold calculation block 36 shown in Figure 5, which accepts as inputs
the threshold factor Kn, Dmin, and Dmax, and praduces the threshold values Th1 and Th2 shown above.

[0039] These threshold values are Input to a coefticient calculator 38, which calculates the Ki values of aquations 6,
7 and 8.

(0040] A final output of the adaptive nolge filter 10 Is the filtered value of the current target pixel TO. By repeating
this praceas sequentially for every pixel produced by the camera sensor, the final filttered image Is obtained atts output.
The output of the noige filter 10 can be shown to be as follows:
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PixOut = i K{t) T +1-k (O} T, (9)

Qo | =

[0041] As stated previously, the adaptive nolse filter 10 works on Bayer paitem source data. Considering the shape
of the processing windows It can be noticed that it is not possible te process those pixels betonging to the first and last
two rows of the Image, and those pixels balonging to the firet and last two columns, because there are not enough
pixels to create a full working window 18 or 20 (Figures 3A, 38 and 3C). This concept Is lllustrated with reference te
Figure 11, a Bayer pattem showing the first five columns and flve rows of an edge of an image ie shown. Itis Impossible
to create a full working window 18 for the first green pixel located In the first column and first row, because it does not
have enough surrounding pixels.

[0042] Therelors, as illustrated in Figure 12, some embodiments of the invention leave the two-pixel-wide borders
of the Imagse In thelr original condition, and do not fliter these particular borders. That Is why, with referance to Flgure
4, the bordar copying step 12 is the first step to be performed. Thus, in order to obtain an Image that has the same
number of rows and columns as the orignaly input nelsy image, the first and last two rows and columns are copled
directly to the output buffer, atthough they may be temporarily stored prior to insertion into the output buffer. This step
Is shown as the block 40 of Figure 5, the fitter output black.

[0043] Figures 13A and 13B show an original image and an image taken from the output of an embodiment of the
adaptive noise fliter 10, respactively. The adaptiveness of the algorithm Is clearly visble by viewing these figures. For
Instance, the walls and paper on the desk have a much reduced nolse-value, but detali Is not lost around the buttons
of the phone, for instance.

[0044] Figure 14 Is a diagram generated showing the strength of the fitering of Figure 13A to produce Flgure 13B.
The light grey zones represent heavily filtered areas, and dark grey zones represent lightly filtered areas. The paper
on the desk had one of the strongest amounts of noise filtering epplied to it, while the borders of tha objects get aimost
no fliterlng at all — to preserve thelr datalls. One of the reasons tor this Is seen with reference to aquation 8 above.
That equatlon forces KI, which is directly Invoived In the output pixel equatlon of equation 8 to zero when the distance
DI Is greater than the second threshold, Th2. At the borders of objects, there will be a large distance In pixel vaiues,
because of the shamp edge. Using the adaptive filtering techniques described hereln, the sharp edges (and hence
detall) Is preserved, while other nolse, such as In large blocks of monochrome color {as In sheets of paper, wallg, and
other large surfaces) get a strong amount of noise filtering, thus producing an overall high quslity image.

[0045] in testing different embodiments of the processes, a synthetic image was used to determin how much noise
the algarithm Is capable of removing. Figure 15 Is the test image, which has an Increasing amount of noise from top
to bottom. To modulate the power of the added noise, the varlance value of a gaussian distribution was manipulated.
The mean value of the noise statistical distribution is assumed to be zero.

[0048] If:

Inoisy denctes a nolsy Bayer pattern;
lenTeRen donotes the Bayer pattem tittered by the adapiive nolse fiiter 10; and
lomianal denotes the original nolseless Bayer pattern,

[0047] Then:

Inoisy - loriginaL = |aboeo_nosser and

IrsTERED - 'ORIGINAL = IRESIDUAL_NOISE"

[0048] Wherel.ppep_noise IS the image that contains only the noise that was artificially, added to lgggivaL - Whereas
Iresioual_noise IS the Image contalning the residual noise after flitering. Glven an image x{n,m), N*‘M, nolse power
can be computed according to the following formula:

=—M]7v_§ };_x(n,m)’ (10)
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[0049] Nolse powsr has been computed for both lappep_noise aNd lnesiouaL_noise using the imaga of Figure 15,
transformed Into decibel (dB) form, and graphed In Figure 16. The y-axis of the graph In Figure 18 represents the nolse
power expressed In dBs, and the x-axis represants the variance of the noise distribution. The differance between the
two piots Indlcates how much nolse was reduced using the embodiment of the adaptive nolse filter 10. In this test, the
nolse power of the filtered Image Is about 7 dB Iess than the original nolse power, however, the adaptive noise filter Is
atill able to discriminate between high texture and low texture areas.

[0050] One of the attractive benefits of embodiments of the adaptive noise filter 10 is the ability to work directty on
Bayer pattern data. It adaptations are color specific, and therefore produce better overall resufts than If they are simply
averaged. Using galn factors from the autoexposure data combined with the human visual system, excellent pre-
determinations are able to be made about how much liitering can be safely applled to specific pixels. Also, the noise
fiiter works quickly because of Its abllity to recursively compute based on pixel values already calculated, using less
amount of memory in & hardware implementation.

{0051] Changes can be made to the Invention In light of the above detailed description. In general, in the following
claims, the terms used should not be construed to limit the Inventlon to the speclific embodiments disclosed In the
spocification and the clalims, but should be construed to Include all methods and devices that are In accordance with
the claims. Accordingly, the invention Is not limited by the disclosure, bul Instead its scope Is to be determined by the
following claims.

Claims

1. Improved image fliter for a digital camera Including Image sensors sensitive to light, a color fiter placed over
sensitive elements of the sensors and patterned according to & Bayer mosaic pattern layout and an interpolation
aigortthm Jolning together the digital Informatlon provided by dlifferently colored adjacent pixe!s In sald Bayer pat-
tern, characterlzed in that said fiter (10) is adaptive and inciudes a noisa lovel computation biock (26) for operating
directly on a sald Bayer pattern data set of for each color channel thus removing noise while simultanecusly pre-
serving picture detall.

2. Improved Image fliter according to claim 1 whereln at least two filter masks are used, one for the green channel
and the other for the red and blue channels.

3. Improved Image filter according to claim 2 whereln the tilter masks for the red and biue channels are Identical while
the filter mask for tha green channel Is diffterent.

4. Improved Imagse filter according to ctaim 1 Including: a determiner block (16) for examining a cumrent pixel (T0) In
a processing window and determining If It Is a green plixel to select a corresponding filtering mask; a difference
calculator (22) for determining an absalute value differsnce (Di) betwaen said current pixel (T0) and the values of
its neighboring pixels in said processing window; a maximum and minimum block (24) for computing the maximum
and minimum distance values from a list of difterence values (D1,..., D8); & noise level computation block (26) for
estimating a noise level (NL) associated with said processing window.

8. improved image filter according to claim 4 further including a gain factor block (34) comprising an autoexposure
control system for genarating an appropriate set of exposure and gain settings fed to said noise level computation

block (26).

6. Improved Imags filter according to clalm 4 whereln sald noise leve! computation block (26) uses a recursive Im-
plementation and extimates the nolse level according to the following calculations:

NLg (1) = Kp@t-1) * Dpax(t-1) + [1 - K, (t1)] * NLg (t-2) )
NLg (1) = Ko@t-1) * Dpnax(t-1) + [1 - K, (t-1)] * NLg (1-2) @
NLg (1-1) = K (t-1) * Dpau(t-1) + [1 - Kn (t-1)] * NLg (1-2) (&)
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where NL, Is the nolse lave! of the particular nolse channel, x; K, Is a parameter that datermines the strength
of fittering to be performed by the adaptive noise fitter (10), and Dy, Is the maximum distance value computed
for the particular color channal In max/min block (24).

A digital camera, comprising:
a sensor for sensing an Image and producing a first signal;

a Bayer pattern producsr coupled to sald sensor and structured to produce a Bayer pattern from sald first signal;
a splitter structured to split sald Bayer pattern Into separate color channels;
characterized In that it further comprises an image filter according to claim 1.

Maethod for filtering nalse In a digital camera Including Image sensors sensitive ta light, a color filter placed over
sensitive elements of the sensors and patterned according to a Bayer mosale pattern layout and an Intemolation
algorithm joining together the digital information provided by differently colored adjacent pixels in said Bayer pat-
tern, characterized by the following steps:

- scanning séquentially row by row the Bayer pattern format;

- providing a processing window for each color channel of sald Bayer pattern data set; the processing windows
‘torthe red andblue channels being Identical, whiie the processing window for the green channel being different;
each processing window having a target pixel and a plurality of neighboring pixets;

- selacting afiltering mask and a corresponding processing window In dspendence on whether the current target
pixel color is green;

- fiitering the target pixel computing also the nolse fevel (NL) of & color channel and providing a flitered pattern
format depending on sald nolse level.

Method according to claim 8, characterized In that the filtered value of the current target pixel (T0) is computed
using the pixsl values that have already been filtared during said scanning step.
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